. And many obligate endosymbionts are essential for their hosts as well [5] , for example Buchnera aphidicola, which supplies amino acids for its aphid host [6] .
Plastids, such as mitochondria, are not endosymbionts; they are organelles. They once were endosymbionts, but they now are double membrane-bounded organelles, compartments of eukaryotic cells.
All of the functional proteins in the cytosol of an endosymbiont are encoded by its own genome. By contrast, only a very small fraction of the proteins that function in organelles are encoded by organellar DNA. The majority of organellar proteins are encoded by the nuclear DNA, translated on cytosolic ribosomes and imported into the organelle with the help of a protein import apparatus [7, 8] .
This evolutionarily and functionally sharp distinction between organelles and endosymbionts -protein import, or not -was crisply articulated by Cavalier-Smith and Lee [9] . It has proven to be exquisitely robust.
Unless the Paulinella endosymbiont can be shown to possess a protein import apparatus, it is just another member in a long list of known cases of endosymbionts: the proteobacterial endosymbionts of insects such as Buchnera, Wigglesworthia, and Wolbachia [5, 6, 10] , the methanogenic endosymbionts of anaerobic ciliates [11] , the nitrogen-fixing symbionts in the diatom Rhopalodia [12] , the chemosynthetic endosymbiont consortia of gutless tubeworms [13] , the cyanobacterial endosymbionts of sponges [14] , and endosymbionts that live within other prokaryotes [15] -to name just very few examples.
The rate-limiting step in the transition from endosymbionts to organelles would appear to be the origin of the protein import machinery itself [9] : the TIM and TOM complexes of mitochondria [7] and the TIC and TOC complexes of plastids [8] .
The origin of those complexes allowed each organelle to specifically import proteins synthesized in the host's cytosol, thereby allowing the endosymbionts to relinquish their prokaryotic genes without relinquishing their prokaryotic biochemistry.
Calling the Paulinella endosymbiont a plastid or an organelle might make a story more exciting, but at the cost of scientific accuracy. Some proteobacterial endosymbionts of aphids have genomes smaller than those of some plastids [16] . Would anyone call those endosymbionts 'mitochondria'? Hardly.
For the same reasons, we should not call the Paulinella endosymbionts 'plastids' any more than we should say that sponges [14] have 'plastids'. There is a difference between endosymbionts and organelles. Theissen and Martin [1] question the use of the term organelle -and, by extension, plastid -as applied to the photosynthetic inclusions of the filose amoeba Paulinella chromatophora. We suggest that the apparent degree of biochemical and cellular integration of host and 'endosymbiont' in this unicellular eukaryote distinguishes it from other examples of prokaryotic endosymbionts, warranting use of the term 'plastid'.
The question is as previously stated: "to what extent can the P. chromatophora endosymbiont be considered a bona fide organelle?" [2] . The answer depends on what future studies reveal about the biology of Paulinella. It also depends on one's definition of organelle. Theissen and Martin [1] argue that the difference between endosymbionts and organelles is protein import: all of the cytosolic proteins in an endosymbiont are encoded in its own genome, whereas most organellar proteins are encoded by nuclear DNA, translated in the host cytosol and targeted to the organelle using a protein import apparatus, as in mitochondria and plastids [3, 4] . It will indeed be important to determine whether a rudimentary protein import apparatus is necessary in Paulinella and, if so, in which form it exists. Clearly it would look nothing like the TIC/TOC import apparatus that evolved once in canonical plastids [4] . Does this matter? How complex would such an import apparatus have to be to justify use of the terms 'organelle' and 'plastid'? For example, would the targeting of host-or endosymbiont-derived, nucleus-encoded proteins to the endosymbiont via the secretory pathway, as recently shown for carbonic anhydrase
